A simple, efficient and cost-effective method for the synthesis of octahydroquinazolinone and 1,8-dioxo-octahydroxanthene derivatives by a one-pot cyclocondensation of dimedone and aldehydes, with and without urea or thiourea respectively in the presence of Trimethylsilyl chloride (TMSCl) in MeCN/DMF has been described.
Introduction
Octahydroquinazolinone derivatives have attracted considerable attention in recent years owing to their potential antibacterial activity against Staphylococcus aureus, Escherichiacoli, pseudomonas aeruginosa 1 , and also as a calcium antagonist 2 . Methods employed for their synthesis are the variant classical one pot multi-component Biginelli reaction involving dimedone, aromatic aldehydes and urea 3 . Although various Lewis acid catalysts are employed 1,3,4a-c in the extension of the Biginelli reaction, they are expensive, harmful and are difficult to handle especially on large scale. Most of these procedures are sluggish, require longer reaction times, use strongly acidic conditions, give unsatisfactory yields and also suffer from the formation of many side products 4a . In continuation of our work on the use of silica-supported reagents 5 , TMSCl has attracted our interest. Among the various silicon-based acidic reagents, TMSCl has received considerable attention as an inexpensive and readily available reagent for various organic transformations 6 .
Advantages such as its compatibility with many synthetically valuable nucleophiles (e.g., organometalic reagents, and cuprates) and its non-aggregation nature substantially simplify the analysis of the reaction mechanisms. Because of this, it has been extensively used as a protecting group for various functional groups such as hydroxy and amino group 6a,7 and as a promoter for cycloadddition and conjugate addition reactions 6a under mild and convenient conditions to offer the products in excellent yield and high selectivity. However, to the best of our knowledge, there is no report on the synthesis of octahydroquinazolinone using TMSCl as a reagent. In this communication, we report a TMSCl mediated simple, efficient and environmentally benign synthesis of octahydroquinazolinone (Schemes 1 & 2). During our study we also observed the formation of 1,8-dioxo-octahydroxanthene in excellent yields by one-pot Knoevenagel condensation, Michael addition and cyclodehydration of dimedone with various aldehydes in the presence of TMSCl (Scheme 3). Initially, a pilot reaction was attempted using benzaldehyde (1), dimedone (2) and urea (3) in the presence of TMSCl (0.5 equiv) with out any solvent (Scheme-I). After 3 hours only 27% of octahydroquinazolinone product was isolated. Increasing the amount of TMSCl (1.5 equiv) did not improve the product yield to a considerable amount. Subsequently, we investigated the effect of different solvents on the reaction rate and as well as yields of the products (Table 1) . In protic solvents such as MeOH or EtOH, the reaction was very slow and resulted in lower product yield. Similar results were obtained in coordinating solvents such as THF, diethyl ether and dimethy ether. On the other hand, conducting the reactions in chlorinated solvents such as dichloromethane and chloroform improved both the reaction rates as well as product yields. After screening for different solvents, acetonitrile / DMF (6.0 ml + 1.5 ml) came out as the solvent of choice, which not only afforded the products in good yield, but also with higher reaction rates (95% yield in 1.5 h). It is also noticed that the condensation using TMSCl proceeds rapidly and is superior to the reported procedures 1,3,4a-c with respect to reaction time, temperature and yield. This claim is justified through the representative examples, illustrated in Table- 2, in which the efficiency of TMSCl has been compared with those of recently reported supported Lewis / protic acid catalysts (Table 2) . In order to evaluate the generality of the process, several diversified examples illustrating the present method for the synthesis of octahydroquinazolinone 4 was studied (Scheme 2, Table 3 ). The reaction of dimedone 2 with various aromatic aldehydes 1 bearing electron withdrawing groups (such as nitro, halide) or electron releasing groups (such as N,N-dimethylamino, methyl, hydroxyl; mono, di, or tri methoxy groups), and urea or thiourea 3 was carried out in the presence of TMSCl. The yields obtained were good to excellent without formation of any side products such as 1,8-dioxo-Octahydroxanthenes, which are normally observed under the influence of strong acids 4a . The reaction of aromatic aldehydes having electron-withdrawing groups reacted very well at faster rate compared with aromatics aldehydes substituted with electron releasing groups, unlike those of urea, the reactions of thiourea proceeded at lower rate less efficiently to give octahydroquinazolinone (entry 1 and 15, 2 and 16). The results obtained in the current method are illustrated in Table 3 . All the products obtained were fully characterized by spectroscopic methods such as IR, 1 H NMR, 13 C NMR and mass spectroscopy and also by comparison with the reported 2a, 4a spectral data. The simplicity, together with the use of inexpensive, non-toxic and environmentally benign nature of TMSCl under CH 3 CN/DMF solvent is a remarkable feature of the procedure.
Encouraged by these results we were delighted to observe that the present protocol could safely be extended to the condensation reaction involving equimolar quantity of aldehyde 1, dimedone 2. 1-8-dioxo-octahydroxanthenes were obtained in excellent yields (Scheme 3, Table  4 ) with out the formation of any side products. Trimethylsilyl chloride showed remarkable reactivity as a "hard-soft" reagent and considerably accelerated the reactions. On the basis of all our experimental results, together with literature reports 6,10 , we have proposed the plausible mechanism 13 for the formation of octahydroquinazolinone 4 in the presence of TMSCl (Scheme 4). The reaction is believed to precede through the formation of an N-acyliminium ion intermediate 7 from the urea or thiourea and aldehyde 1 precursor in the presence of TMSCl, leading to the formation of octahydroquinazolinone 4. In conclusion, a series of octahydroquinazolinone and 1-8-dioxo-octahydroxanthenes were synthesized efficiently by the condensation of aldehydes 1, dimedone 2 and urea or thiourea 3 respectively in the presence of TMSCl (20 mmol) in CH 3 CN/DMF conditions. The current protocol was also applied successfully for the synthesis of 1,8-dioxo-octahydroxanthenes from aromatic aldehyde and dimedone. The method has ability to tolerate structurally and electronically divergent substituents in aldehydes; variable reaction conditions, shorter reaction times and simple work-up procedure are other advantages. Further, the present procedure is readily amenable to large-scale synthesis and the generation of combinatorial octahydroquinazolinones and 1,8-dioxo-octahydroxanthenes.
Experimental Section
General Procedures. All the commercial reagents and solvents were used without further purification unless otherwise stated. Melting points were recorded on Buchi 535 melting point apparatus and are uncorrected. All the reactions were monitored by thin layer chromatography performed on precoated silica gel 60F 254 plates (Merck). Compounds were visualized with UV light at 254nm and 365nm, iodine and heating plates after dipping in 2% phosphomolybdic acid in 15% aq. H 2 SO 4 solution. NMR spectra were recorded on Varian Unity-400 MHz and BRUKER AMX 300 MHz spectrometers using tetra methyl silane as an internal standard. 4-(2,4-Dichloro-phenyl)-7,7-dimethyl-4,6,7,8-tetrahydro-1H,3H-quinazoline-2,5-dione (4d) 
